Formation of hybrids between viral deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) was used to detect virus-specific RNA in the nuclei and polyribosomes of transformed and tumor cells induced by "highly" oncogenic human adenovirus (Ad) types 12, 18, and 31. The presence of virus-specific RNA in the cell nucleus, and the inhibitory effect of actinomycin D on its synthesis, suggest that adenovirus-specific RNA is transcribed from a DNA template in the nucleus. Ad 12, 18, and 31 virus-specific RNA did not hybridize significantly with the DNA of the "weakly" oncogenic adenovirus group (Ad 3, 7, 11, 14, 16, and 21) Eight human adenovirus (Ad) types have been shown to be oncogenic (3, 6, 7, 9, 12; Green. Pifia, Tochstein, and Thornton, unpublished data). Of these, Ad 12, 18, and 31 are "highly" oncogenic and produce tumors in a large percentage of newborn hamsters within a few months after inoculation (7, 9, 12 hamster tumor cells were kindly provided by K. Schell, R. V. Gilden, and R. J. Huebner. The origin of other cell lines was described previously (1). Monolayers were grown in Eagle's minimal essential medium containing 10% calf serum. Cells were labeled with 3H-uridine, polyribosomes and nuclei were isolated, and RNA was purified as described previously (1). Purified polyribosomal RNA contained 3H-RNA plus carrier RNA. Purified 3H-nuclear RNA contained no carrier. Specific activities were determined in many preparations, and ranged from 15,000 to 30,000 counts per min per ,ug of nuclear RNA and from 900 to 1,300 for polyribosomal RNA preparations. However, it should be noted that these values are overall specific activities of total RNA. Labeled RNA which hybridizes with viral DNA represents virus-specific RNA whose specific activity is not readily measured. Viral DNA. Viral DNA was isolated by the methods of Green and Pifia (4, 5). The following Ad strains were employed:
Eight human adenovirus (Ad) types have been shown to be oncogenic (3, 6, 7, 9, 12 ; Green. Pifia, Tochstein, and Thornton, unpublished data). Of these, Ad 12, 18, and 31 are "highly" oncogenic and produce tumors in a large percentage of newborn hamsters within a few months after inoculation (7, 9, 12) . Infectious virus has not been detected inthese tumorcells (1, 7) , indicating that virion replication is not necessary for the neoplastic state.
We previously reported (1) that a large proportion of the messenger ribonucleic acid (mRNA) fraction in the polyribosomes of Ad 12 tumor and transformed cells is virus-specific. In this paper, we show that virus-specific ribonucleic acid (RNA) is present also in Ad 18 and 31 tumor cells, both in the polyribosomes and in the nuclei. The extent of hybridization of Ad 12, 18, and 31 virus-specific RNA with different Ad deoxyribonucleic acid (DNA) preparations was determined.
MATERIALS AND METHODS

Cells and RNA. Seed cultures of Ad 18 and Ad 31
hamster tumor cells were kindly provided by K. Schell, R. V. Gilden, and R. J. Huebner . The origin of other cell lines was described previously (1) . Monolayers were grown in Eagle's minimal essential medium containing 10% calf serum. Cells were labeled with 3H-uridine, polyribosomes and nuclei were isolated, and RNA was purified as described previously (1) . Purified polyribosomal RNA contained 3H-RNA plus carrier RNA. Purified 3H-nuclear RNA contained no carrier. Specific activities were determined in many preparations, and ranged from 15,000 to 30,000 counts per min per ,ug of nuclear RNA and from 900 to 1,300 for polyribosomal RNA preparations. However, it should be noted that these values are overall specific activities of total RNA. Labeled RNA which hybridizes with viral DNA represents virus-specific RNA whose specific activity is not readily measured. Viral DNA. Viral DNA was isolated by the methods of Green and Pifia (4, 5 Virus-specific RNA in nuclei and the effect of actinomycin D. In previous studies (1), we looked for virus-specific RNA in the cytoplasmic polyribosomes, the major site of protein synthesis in the cells, since brief exposures to 3H-uridine labeled mainly the mRNA fraction. In the experiments reported here, we used 180-min labeling periods to prepare larger amounts of radioactive RNA (1). Virus-specific RNA was present not only in polyribosomes but in nuclei as well (Table 1) . From 0.20 to 0.28% of the input nuclear and polyribosomal RNA hybridized with Ad 12 DNA; for example, with an input of 214,000 counts (per min) of nuclear RNA, 438 and 423 counts were bound in two separate hybridization experiments, whereas only 26 counts were bound to an empty membrane.
The incorporation of 3H-uridine into total RNA and virus-specific RNA in nuclei, cytoplasm, and polyribosomes is presented in Table 2 . After a 180-min labeling period, nuclei contained about eight times as much total labeled RNA and six times as much labeled virus-specific RNA as did polyribosomes.
RNA complementary to Ad 12 DNA is absent from polyribosomes of "normal" human and hamster cell lines, and simian virus 40 (SV40) and polyoma virus-induced tumor and transformed cells (1) . Likewise, nuclear RNA from human KB cells, hamster BHK-21 cells, polyoma virusinduced tumor cells, and SV40-and polyoma virus-transformed mouse cells did not hybridize significantly with Ad 12 DNA (Table 3 ).
Actinomycin D (1 and 5 jig/ml) inhibited incorporation of 3H-uridine into both total RNA and virus-specific RNA in the nucleus and polyribosomes by 95 to 99% (Fig. 1) . These data suggest that virus-specific RNA and cell RNA are synthesized by similar mechanisms on a DNA template.
Virus-specific RNA in Ad 12-transformed cellsrelationship to DNA of other Ad types. We measured the extent of hybridization of labeled nuclear 
DISCUSSION
The human adenoviruses provide a series of molecular tools for analyzing the mechanism of viral oncogenesis. Highly purified DNA of "highly" oncogenic, "weakly" oncogenic, and nononcogenic adenoviruses (5, 10) Data of Lacy and Green (8; J. Gen. Virol., in press). d Nuclear RNA from Ad 18 tumor cells labeled for 180 min with 3H-uridine (4,gc/ml). In experiment 1, the input was 216,700 counts/min; in experiment 2, 172,100 counts/min. e The relatedness, if any, cannot be estimated, since too few counts were bound (less than 1S counts/ min above that bound to a DNA-free membrane).
f Although Ad 11 has not yet produced tumors, base composition (10) 18, or 31 DNA (Fujinaga and Green, Proc. Natl. Acad. Sci. U.S., in press). Thus, tumor cells induced by "highly" and "weakly" oncogenic adenoviruses synthesize different virus-specific RNA molecules. However, possession of one or two viral genes in common is not excluded by these data.
Strains of Ad 12 differ in degree of neutralization by heterologous Ad 12 antisera (11) . This observation, and the differences observed here in ability to bind Ad 12-specific RNA, suggest that Ad 12 strains differ considerably in genetic composition.
